Introduction
Cyanined yes, originally used as photosensitizers, [1] have attracted much interestb ecause of their application in biomedical imaging, including in biomolecule labeling, [2] nucleic acid detection, [3] and cancer imaging. [4] Cyaninedyeshave many advantageso ver other organicf luorophores owing to their versatility and their broad wavelength tunability.A lteration of the polymethine chain that connects the two nitrogen centers allows one to reach practically every wavelength in the visible to near-infrareds pectral region. [5] Moreover,they are extensively employed as fluorescent labels owing to their good photostability, high molar absorption coefficients,a nd moderate fluorescenceq uantumy ields in aqueous solutions. [6] Generally, cyanined yes are produced by as traightforwarda nd stepwise synthesis involving condensation of two methylene bases (heterocyclic systems) and ap olymethine-forming reagent under basic conditions. Structural diversity is achieved by numerous pre-and postsynthetic modifications by varying the polymethine chain, meso substituents, substituents on the nitrogen atom,a nd heterocyclic substitutions. [2, 7] Within the last decade, numerous attempts have been made to prepare cyanine dyes with improved opticalp roperties; however,t oo ur knowledge,t here is only al imited amount of publications reportingt he incorporation of two reactivef unctionalities to generate ah eterobifunctionald ye. In 2006, Chipon and co-workersp ublished the synthesis of cyaninebased amino acids for application as heterobifunctional linkers in DNA sequencing or solid-phase-synthesist echniques.
[8] The pentamethine dyese mployed amino and carboxyl groups at the terminal positions of the nitrogen substituents, which allowed subsequentincorporation in aselectivesolid-phase peptide synthesis. Moreover,anear-IR cyanine dye linker was modified for use as an improved cancer diagnostic imaging agent and in therapy monitoring. [9] The heptamethine dye was equippedw ith ac ell-penetrating peptidea tt he meso position and cytotoxic agents at the end of the Ns ubstituents. The connection of af luorescent dye as ah eterobifunctional linker between at argeting protein or polypeptide and at herapeutic agent allows simultaneous targeted imaging and cancer therapy.
To day,t he vast majority of bifunctional linkersa re based on polyethylene glycol (PEG), which is one of the most widely used biocompatiblep olymers. PEG is generally used for covaHerein, we present an ew syntheticr oute to cyanine-based heterobifunctional dyes and their application as fluorescent linkers betweenp olymers and biomolecules. The synthesized compounds, designed in the visibles pectralr ange, are equipped with two different reactive groups for highly selective conjugation under physiological conditions. By applying indolenine precursors with functionalized benzenes, we achieved water-soluble asymmetric cyanined yes bearing maleimido and N-hydroxysuccinimidyl functionalities in at hree-step synthesis. Spectroscopic characterization revealed good molar absorption coefficients and moderate fluorescenceq uantum yields. Furtherr eaction with polyethylene glycol yielded dyepolymer conjugates that were subsequently coupled to the antibody cetuximab, often applied in cancert herapy.S uccessful couplingwas confirmedb ymass shifts detected by gel electrophoresis. Receptor-binding studies and live-cell imaging revealed that labelingd id not alter the biological function. In sum, we provided as uccessful synthetic pathway to rigid heterobifunctional cyanine dyes that are applicable as fluorescent linkers,f or example, for connecting antibodies with macromolecules. Our approachc ontributes to the field of bioconjugation chemistry,s uch as antibody-drug conjugates by combining diagnostic and therapeutic approaches. lent attachment to macromolecules, proteins,d rugs, and vesicles because of itso utstanding properties, which include low toxicity, good water solubility,a nd high flexibility.
[10] Upon PEGylation of biomolecules, enhanced solubility and stability as well as reduced clearance from the body andl ow immunogenicity are observed. [11] The attachment of PEG to serum albumin has been shown to lead to protection from proteolytic degradation and, as ar esult, elongation of its half-life time. [12] Over the last few years, researchers have concentrated on antibodies and antibodyfragments for potential use as therapeutic agents. PEGylationi sawell-established method, because the local residence time of antibody fragments can be increased. [11, 13] Heterobifunctionall inkers are also broadly applied in antibody-drug conjugates.E ven though the drug can be directly attached to the biomolecules, the addition of alinker enhances stability and facilitatesd rug release at the target site. [14] Furthermore, immobilizationo fa ntibodies is mainly achieved by heterobifunctional linkers [15] for the analysis, separation, synthesis, and detection of biomolecules. [16] Antibodiesa re often appliedincancer therapy, but for diagnostic approaches, afluorescent label must be attached for monitoring biodistribution, which is mainlya chieved after linker conjugation. Subsequent labeling of biomolecules might interferew ith the functionality, and there are usually only al imited number of binding sites. A fluorescent linker overcomes these problems and can be used in applicationsf or the simultaneous detection and imaging of drug and targeting molecules. Introduction of ad rug through af luorescentl inker can also reveal information on the total amount of active species attached to the biomolecules throughs pectroscopica nalysis. The functionality of the biomolecules is less compromisedi ft he number of chemical transformationsi sr educed. Therefore, bifunctionala nd fluorescent linkersm ight be valuable for analytics and might be simultaneously applied in imaging techniques.
Herein, we present an efficient route for the synthesis of cyanine-dye-based linkersbearing two different reactivef unctional groups.T he dyes are equipped with terminal maleimido and N-hydroxysuccinimidyl (NHS) ester functionalitiesf or highly efficient biorthogonal cross-linking reactions. Our approachi nvolved the design of dyes in the visible spectral range, each of them bearing either as ulfonic acid or ad efined PEG-10 chain to preventa ggregation and to improve solubility properties (Scheme 1). The heterobifunctional dyes were applied in ar epresentative bioconjugation approach by using an IgG antibody and PEG as ap olymer to prove their suitability as bifunctional and fluorescent linkers. By gel electrophoresis, we confirmed the successful coupling of polymer-dye conjugates to the antibody and thereby the increasei nt he molecular weighta s ar esult of PEGylation. Confocal laser scanning microscopy showed the characteristic cell-membraneb inding and cellular uptake, which demonstrated that the approach maintained the functionality of the antibody.
Results and Discussion

Dye Synthesis
We synthesized cyanined yes bearing two different functional groups (maleimides and NHS esters) for their use as fluorescent linkers and subsequent conjugation under physiological conditions. Furthermore, we provided heterobifunctional dyes in the visible spectralr ange by using two acroleine derivatives Scheme1.Synthesis of reactive bifunctionaltrimethines (n = 1) andpentamethines (n = 2) with either sulfobutylo rP EG-10 side chains. commonly used for cyanine dye synthesis. For the synthesis of asymmetricd yes, we started from two different benzene-substitutedi ndoleninep recursors that bore either an aromatic amino or ac arboxyl group. Moreover, we preparedd yes with differenta lkylation patterns of the nitrogen atom in the indole moieties. Whereas the amino indolenine precursor was equipped with am ethyl group, the carboxylated indolenine carried ap olar chain to introduce hydrophilicitya nd to improve aqueous solubility.A lkyl chains carrying sulfonica cids are generally used to enhance water solubility of ad ye and, moreover,t op reventa ggregation as ar esult of electrostatic repulsion. Furthermore, polyether units such as PEGs are known to prevent aggregation by steric shielding. Therefore, we prepared an alkylated indolenine based on ad efined mPEG-OH with 11 oxyethylene units that was previously mesylated and treated in am icrowaves ystem according to published work to yield 43 %o fc arboxyindolenine 2.
[17] The dye synthesis was performed by heating am ixture of carboxylated indolenine precursor 1 or 2 and N,N'-diphenylformamide 3 or 3-anilinoacrolein anil 4 in acetic anhydride. In the second step of the reaction, the aminoindolenine and sodium acetate were added, which was followed by the addition of acetic acid;t his accelerated dye formation owing to solubilizationo ft he base. In the first part of the synthesis, the aromatic amine wasa cetylated by acetic anhydride, whichgenerated N-acetylated indocarbocyanines (ICCs) 6 and 8 and indodicarbocyanines (IDCCs) 7 and 9 in moderate yields ranging from 21 to 49 %. The structures of the ICC and IDCC are based on the well-known Cy3 and Cy5 fluorophores,b oth of which emit in the visible spectral range. Dyes 6 and 7 carry as ulfobutyl chain, whereas dyes 8 and 9 were alkylated with aP EG-10 chain as described above.T he final step to yield the derivatives with free amino and carboxylic acid groups required removal of the acetyl protecting group, which could be accomplished by using aqueous hydrogen chloride and heating in am icrowave system to yield dyes 10-14 as amino acid derivatives (57-68 %). Subsequent reactiono fd ye 10 with 3-(maleimido)propionic acid N-hydroxysuccinimidee ster in DMF with increasing temperature did not yield desired amide-functionalized derivative 14.Apossible reason might be the low reactivity of aromatic amino groups towardsN HS esters. Therefore, we set our focus on more electrophilica cid chlorides. For further reactions,3 -maleimidopropionic acid was treated with thionyl chloride to yield the corresponding acid chloride. Subsequent coupling to dyes 10-13 afforded dyes 14-17 in 55-78% yield. After the successful synthesis of the dyes, we tried to achieve the first step in the linking by introducing ap olymer moiety (PEG 5kDa thiol) to the fluorescent linker.H ence, in the next synthetic step, the maleimide underwent Michael addition with the PEG 5kDa thiols, which thereby provedt he functionality of the maleimideg roup. The reactionw as conducted in water by using dyes 14-17 in excess amounts (2 equiv.) to achieve anearly quantitative loading. Nonreacted dyes were removed by normal-phase (NP) columnc hromatography,s ize-exclusion chromatography,a nd dialysis. 1 HNMR spectroscopy confirmed the absence of unreactedd ye and the formation of the Michael-thiol adducts. Indeed, the yield for PEG 5kDa ylated dyes 19-22 was 31-99 %, and adye loading of nearly one dye per polymer was achieved (see Table 1f or more details). Compound 20 revealed al ow loading of 0.5 dyes per polymer,w hich might be due to solubility issues in aqueous solutions. Dye-labeled PEG 5kDa containing PEG-10 chains (compounds 21 and 22)w ere prepared in moderate yields (31-39 %), most likely as ar esult of purification by NP column chromatography,o nw hich the compounds either decomposed or interacted with the column material.
Bioconjugation
To prove suitability as cross-linkingf luorescent labels,t he newly synthesized dyes were conjugated exemplary to the biomolecule cetuximab (ctx), am onoclonal IgG antibody that targets the epidermal growth factor receptor (EGFR) on tumor cells. Therefore, derivatives with terminal carboxyl functionalities (see compounds 14-17 and 19-22)w ere convertedi nto The next step involvedlabeling of asuited antibody to elucidate the optimal pathway of cross-linking bioconjugation. We appliedc etuximab as the antibody owing to our experiencei n previousw ork. [17a, 18] Cetuximab was treated separately with dyes 14 a-17 a (2 equiv.), and purification by size-exclusion chromatography revealed bioconjugates ctx-14 to ctx-17 with dye/protein ratios (D/P) between 1.0 and 1.5. Subsequent Michael addition with PEG 5kDa thiol did not lead to the desired cetuximab conjugates,most likely as aresult of the low availability of maleimide functionalities on the antibody.H owever,t he maleimide group functionality was already proven upon conjugating the dyes to the PEG 5kDa thiols before bioconjugation (see dye synthesis part). Therefore, we decided to prepared yelabeled polymers first followedb ya ctivation of the carboxylic acids. The corresponding NHS esters werep repared by using the above-described methodsi ny ields of 57 to 91 %a fter purificationb ys ize-exclusion or columnc hromatography.A ctivated esters of dye-labeled PEG 5kDa 19 a-22 a werec onjugated with cetuximaba sd escribed above and were additionally purified by affinity chromatography to remove unbound dye-labeled polymers. The absence of free dye was confirmed by gel electrophoresis (see Figure S28 in the Supporting Information).
Spectroscopic Characterization
Upon comparing solutions of the ICC derivatives bearing amine versus amide functionalities, ac olor change in the solution from dark purple to pink is visible, whereas dark-blue solutions are observed at every step of the synthesis for the IDCC derivatives. The absorption spectra of amino-functionalized dyes 10-13 revealabroad band with the absence of the characteristic shoulder at l = 520 nm for the ICCs and at l = 620 nm for the IDCCs. The effect is even more pronounced for ICC derivatives 10 and 12.T he absorption spectra of IDCC dyes 11 and 13 also reveal ab road band, but the characteristic shoulderi so bserved. Functionalization of the amine group into an amide group resultsi nnarrow bands for all cyanine derivatives, which exhibit spectra with typicalb ands for the short-wavelength dimer and the main monomer.F igure 1i llustrates the absorption spectra of amine-functionalized dyes 10-13 and those of correspondinga mide derivatives 14-17 bearing the maleimido group. Furthermore, the absorption spectra of dye-labeled PEG 5kDa conjugates 19-22 are also added to each plot. The absorption spectra revealaslight increase in the dimer band for the PEG 5kDa labeled with sulfodyes, whereas the other derivatives show similar spectra before and after polymerc onjugation. Moreover,t he absorption spectra in four differents olvents [water,p hosphate-buffered saline (PBS), DMSO,a nd methanol] reveal only as light influence of solvent polarity (FigureS26). The spectra of amido-functionalized dyes 14-17 and 19-22 show fewer differences in line shape, whereas the absorption spectra of amino dyes 10-13 reveal broader bands, particularly for DMSO.F urthermore, all spectra recorded in DMSO show as lightb athochromic shift relative to those recorded in methanol or aqueous solutions. Dyes with sulfobutyl alkylation have spectra similart ot hose of their respective dyes comprising PEG-10 chains.T able 1s ummarizes all of the spectroscopic data obtained for dyes 14-17 and 19-22 and the cetuximab conjugates. The absorption spectra revealb athochromically maxima that are shifted by approximately 10 nm for the ICC and IDCC derivatives relative to the spectra of published cyanined yes with similarconstitutions. [2] Furthermore, the new bifunctional dyes exhibit molar absorptionc oefficients (e)i nt he range of 90 000 to 140 000 m À1 cm
À1
,w hich are lower than those of common cyanine dyes. ICC derivatives 14 and 16 reveals maller e values than the IDCC derivatives, whereas dyes alkylated with PEG-10 chains generally exhibit the largest e values. The newly synthesized cyanine dyes also show moderate quantum yields (F f ) between 3a nd 6%.T he values were determined from the absolute fluorescenceq uantum yield measurements. For comparison, as ulfo-ICC dye was used, and it revealed a F f value of 4.9 %. Trimethine (ICC)d yes are generally known for their low quantum yields, whereas pentamethine (IDCC) dyes exhibit larger F f values. [2, 17a, 19] However,i n1 989 Mujumdar et al. reported the synthesis of cyanined yes with aromatic amide functionalities and observed similar e and F f values for the dyes investigated. [20] Comparing dyes alkylated with sulfobutyl and PEG-10,nodifferences between the ICC derivatives are observed. Comparing dyes conjugated with PEG 5kDa with their parentd yes, an increasei nF f might be noted, but the difference between them is very small.
Biological Characterization
Biological evaluation of the newly synthesized labels conjugated to cetuximab and subsequently purified was conducted by surfacep lasmon resonance (SPR), gel electrophoresis, and cellular uptake studies by confocal laser scanning microscopy (cLSM).R etained functionality of the dye-labeled antibodies was provenb yS PR,a nd similar affinity constantsw ere revealed for all tested bioconjugates ctx-14 to ctx-17 and ctx-19 to ctx-22 (see Table S1 and S2). Additionally,g el electrophoresis under reducing conditions, that is sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), confirmed the absence of free dye and the covalent coupling to the light and heavy chains of cetuximabo na1 3% polyacrylamide gel (see Figure S28) . Furthermore, separation on a1 0% polyacrylamide gel clearly revealed shifted bands of higher molecular weight (+ 5kDa) for PEGylated conjugatesc tx-19 to ctx-22 relative to unlabeled cetuximaba nd antibodies labeled only with dyes 14-17 (see Figure 2) . Am ass shift of approximately 5kDa was observed for the heavy and light chains of cetuximab. Those results confirmt he functionality of new dyes as suitable bifunctionala nd fluorescent linkersb etween polymers and antibodies, here exemplified with at ypical IgG antibody and aP EG 5kDa polymer.W ea lso recorded images of live cells treated with ctx conjugates by using cLSM for the confirmation of antibody functionality and cellularu ptake. EGFR-positive A431 cells were incubated with ctx conjugates for 3hfol-lowed by aw ashing step. Live-cell images were recorded and revealed characteristic cell-membrane binding for all conjugates tested as well as an accumulationi nside cellular compartments (see Figure 3) . This is consistent with EGFR expression at the cell surfacea nd internalization upon receptor binding. Considering the amount of dye conjugated (see D/P ratios in Ta ble 1), all conjugates revealed comparable emission intensities. Bioconjugates bearing PEG 5kDa showed cell-membrane binding as well as signal accumulation inside the cells. The low EGFR-expressing A549 cell line was used as ac ontrol [21] and revealed, as expected, less membrane staining and uptake of antibody conjugates (see Figure S29 ). We successfully confirmed the functionality of the new dyes as labels for biological application as well as the possibility to combine polymers and antibodies by fluorescent linkers.
Conclusions
We synthesized four bifunctional dyes, each bearing two different functional groups for biorthogonalr eactions under physiological conditions. Asymmetric dyes were preparedf rom benzene-substituted indolenine precursors. Through additional modifications, we were able to introduce reactive maleimido and N-hydroxysuccinimidyl (NHS) ester functionalities for chemoselective reactions with thiols anda mines, respectively.I n summary,f our dyes were produced including two different wavelength ranges, Cy3 and Cy5, each of which were designed with different N-alkylation strategies, sulfonica cid and defined polyethylene glycol (PEG)-10 chains. The sulfonic acid moiety increased the hydrophilicity,w hereast he defined PEG-10 groups suppressed aggregation and provided flexible solubility in many solvents. Spectroscopic characterization revealed broad absorption bands for amino-substituted dyes. The bands narrowed upon conversion into the amide. Maximaw ere bathochromically shifted relative to known cyanine dyes, whereas moderate values of the molar absorption coefficients and fluorescence quantum yields up to 140 000 m À1 cm À1 and 0.06, respectively,w ere revealed, and these values are comparable to those of other previously reported cyanine dyes. [20] Subsequent Michael addition of PEG 5kDa thiols yielded polymer conjugates without inducing aggregation. By successfulc onversion into NHS esters and bioconjugation with cetuximab, we afforded conjugates with dye/protein ratios between0 .8 and 1.5. Gel electrophoresis confirmed the successful functionalization of the antibodies with dye-labeled PEG 5kDa by revealing am ass shift of about5kDa, whereas receptor binding studies by surface plasmonr esonance proved the biofunctionality of the la- T hese new heterobifunctional labels, which can be used as fluorescent linkers, yielded bioconjugates on the basis of one single synthetic manipulation of the biomolecules. This strategy is promising forf uture applications to enable the detection and imaging of more defined conjugates. With respectt oat heranostic approach, at argeting moiety can be combined with as econd effector molecule (drug) through af luorescent dye to realize an additional readout.
Experimental Section Materials and Methods
All solvents and chemicals were commercially purchased from ABCR, Acros Organics, Fluka, Merck, Sigma-Aldrich, ThermoFisher Scientific, or VWR and were used as received unless otherwise stated. m-dPEG11-OH was acquired from Quanta BioDesign Ltd., and MeO-PEG 5kDa -SH was purchased from Iris Biotech GmbH. HSTU was bought from Carbolution, and indolenine 5 was purchased from To ronto Research. Erbitux was purchased from Merck Serono, and cetuximab was isolated by ultracentrifugation and lyophilization. Synthesized cyanine dyes were purified by preparative HPLC on ah igh-pressure gradient system (stainless steel) equipped with dual Shimadzu LC-8A pumps, aS himadzu CBM-20A controller, av ariable wavelength UV detector from Knauer,a nd aR heodyne injector with a1 0mLs ample loop. The stationary phase was ap repacked RP-18 column (RSC-Gel, 5 mm, 20 250 mm) from RSC (Reinhardshagen, Germany). HPLC runs were performed with at otal flow rate of 20 mL min À1 by applying ag radient from 10 to 100 %M eOH with UV detection at l = 550 or 650 nm. Purification of lipophilic dyes was done by automated flash chromatography with aC ombi Flash R f + (Teledyne ISCO) on normal (silica gel, 30 mm) phase. Dialysis was performed with membranes of regenerated cellulose [molecular weight cut-off (MWCO): 1000 or 2000 gmol À1 ]p urchased from Carl Roth. Pure dyes were dried with aV irtis Benchtop K2 0K XL, and size-exclusion chromatography was conducted on prepacked Sephadex columns (NAP-25, Sephadex G-25 DNA) or on aglass column (30 2.5 cm) filled with Sephadex G-50 superfine (Sigma-Aldrich) using PBS as solvent. Sensitive substances were shaken in aB ioshake iQ, and centrifugation was conducted with aU niversal 32 from Hettich. Reactions in am icrowave were performed in aB iotage Initiator + .A ll sample weights were taken with aP recisa XB120A, and for thin-layer chromatography (TLC), silica gel 60 RP-18 F 254 Sp lates were used for reversephase analysis and silica gel 60 F 254 for normal-phase analysis. 1 
HNMR and
13 CNMR spectra were measured with aJ EOL ECX, aB ruker AVANCE III 500, or aB ruker AVANCE III 700 spectrometer. Mass spectra were obtained by electrospray with an Agilent 6210 ESI-TOF spectrometer or by matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS) with aBruker Ultrafex II.
Absorption and Fluorescence Measurements
Samples for absorption and fluorescence measurements were dissolved in Millipore water or PBS solution (3 mm KCl, 140 mm NaCl, 0.01 m Na 2 HPO 4 ·7H 2 Oi n5 00 mL distilled water). All absorption spectra were acquired with aP erkinElmer LAMBDA 950 UV/VIS/NIR spectrometer by using disposable cuvettes from Brand, and fluorescence spectra were recorded with aF luorolog 3f luorometer (Horiba Jobin Yvon). Absolute fluorescence quantum yields were calculated from previously recorded fluorescence spectra with an integrating sphere (80 mm diameter,h andmade). Slit widths were set to 2nm( excitation) and 0.7 nm (emission). ICC dyes were excited at l = 540 nm, whereas IDCCs were excited at l = 640 nm and the integration time was set to 4s.F or the determination of F f ,i ntegrated fluorescence of the sample and solvent were determined to achieve the number of emitted (546-750 nm for ICC and 646-790 nm for IDCC, step size:2nm) and absorbed (536-545 nm for ICC and 636-645 nm for IDCC, step size:0 .2 nm) photons. The light intensity was reduced by an eutral density filter (10 %t ransmission) for the determination of absorbed photons. The amount of dyes conjugated to polymers was estimated from the dye's absorption maximum in a5 mm conjugate solution by using the molar absorption coefficient of the corresponding free dye. [22] 
Synthesis of Indolenine Precursors
Indolenine 2:Amixture of 2,3,3-trimethyl-3H-indole-5-carboxylic acid (0.526 g, 2.587 mmol) and previously mesylated m-dPEG11-OH
[17b] (2 g, 3.363 mmol) in acetonitrile (4 mL) was added to a2 -5mLr eaction vial, and the mixture was heated in am icrowave system to 160 8Cf or 2h.T he solvent was removed under vacuum, and the residue was purified by automated column chromatography (CH 2 Cl 2 /methanol), which afforded compound 2 (0.896 g, 43 %) as ab rown oil. Yield:. 
Synthesis of Dye Labels
Acetylated dye 6:4 -(5-Carboxy-2,3,3-trimethyl-3H-indol-1-ium-1-yl)-butane-1-sulfonate (1;3 46 mg, 1.019 mmol) and N,N'-diphenylformamide 3 (200 mg, 1.019 mmol) were dissolved in acetic anhydride (16 mL), and the mixture was heated to 100 8Cf or 30 min. A mixture of 1,3,3-trimethyl-2-methyleneindolin-5-amine (192 mg, 1.019 mmol) and sodium acetate (251 mg, 3.057 mmol) dissolved in acetic anhydride (8 mL) was added to the solution, which was followed by the addition of acetic acid (728 mL). The solution was stirred at 100 8Cf or 1h before the solvent was removed under vacuum and the residue was precipitated in diethyl ether.T he residue was purified by RP-HPLC (water/methanol), and dye 6 (260 mg, 44 %) was obtained as ar ed solid. Acetylated dye 8:I ndolenine 2 (0.376 mmol) and N,N'-diphenylformamide 3 (0.376 mmol) were dissolved in acetic anhydride (6.7 mL), and the mixture was heated to 100 8Cf or 30 min. Am ixture of 1,3,3-trimethyl-2-methyleneindolin-5-amine (0.376 mmol) and sodium acetate (1.128 mmol) dissolved in acetic anhydride (3.3 mL) was added to the solution, which was followed by the addition of acetic acid (310 mL). The solution was stirred at 100 8Cf or 1h before the solvent was removed under vacuum. The residue was purified by automated column chromatography (CH 2 Amino acid derivative 10:D ye 6 (103.5 mg, 0.179 mmol) was dissolved in 2 n HCl (20 mL, 40 mmol) and heated to reflux for 2h. The solvent was removed under vacuum, and toluene was added to coevaporate HCl. The residue was purified by RP-HPLC (water/ methanol) to afford dye 10 (61.5 mg, 64 %) as ad ark-purple solid. Amino acid derivative 11:Asolution of dye 7 (50 mg, 0.083 mmol) in acetonitrile (2 mL) and 2 n HCl (2 mL, 4mmol) was added to a2 -5 mL reaction vial, and the mixture was heated in am icrowave system to 100 8Cf or 2h.T he solvent was removed under vacuum, and toluene was added to coevaporate HCl. The residue was purified by RP-HPLC (water/methanol), and dye 11 (31.7 mg, 68 %) was afforded as ab lue solid. Amino acid derivative 12:Asolution of dye 8 (73.7 mg, 0.078 mmol) in acetonitrile (2.5 mL) and 2 n HCl (2.5 mL, 5mmol) was poured into a2 -5 mL reaction vial, and the mixture was heated in am icrowave system to 100 8Cf or 2h.T he solvent was removed under vacuum, and toluene was added to coevaporate HCl. The residue was purified by automated column chromatography (CH 2 Cl 2 /methanol) to yield dye 12 (45.7 mg, 65 %) as ad arkpurple solid. 6 mL) , and the mixture was stirred at 50 8Cf or 2h.T he solvent was removed under vacuum, and the residue was purified by automated column chromatography (CH 2 Cl 2 /methanol) to give dye 16 (27.8 mg, 57 %).
(t, J = 5.0 Hz, 2H), 3.89 (t, J = 6.9 Hz, 2H), 3. 75 (s, 3H) PEG 5kDa conjugate 21:M eO-PEG 5kDa -SH 18 (19 mg, 3.8 mmol) and dye 16 (8 mg, 7.6 mmol) were dissolved in water (500 mL), and the mixture was stirred at RT overnight. The solvent was removed under vacuum, and the crude product was purified by automated column chromatography (CH 2 tate pH 4.5 as sample buffer for the ligand. The response level reached for Fc2 was about 4900-5100 RU. Bevacizumab (Avastin, Roche/Genentech) was coupled to Fc1 as an onbinding control and reached around 15 000-22 000 RU (see Ta bles S1 and S2). Affinities were measured by using ak inetic titration series (single cycle kinetics) at 25 8C, in which five ascending concentrations of ctx conjugates were injected consecutively for 120 sat30mLmin À1 followed by ad issociation time of 600 sa nd two short pulses of 20 s 10 mm glycin HCl pH 2.5 to regenerate the sensor surface. Therefore, conjugates were diluted in running buffer (HBS-EP) at concentrations of 1000, 100, 10, 1, and 0.1 nm.T he signal of the Bevacizumab treated flow cell was subtracted from the binding signal. Additionally,b lank injects of running buffer were also subtracted (double referencing) for each run. Measurements were done in triplicate. Sensorgrams were analyzed by plotting the analyte concentration against the binding signal at the end of injection. The resulting isotherm was fitted to obtain the equilibrium dissocation constants (K D )b etween the antibody and its receptor using the steady-state model.
Cell Studies
For confocal laser scanning microscopy,t he epithelial human cancer cell line A431 (DSMZ No. ACC 91) and the human lung carcinoma epithelial cell line A549 (DSMZ No. ACC 107) were routinely propagated in Dulbecco's modified Eagle's medium (DMEM), with 2% glutamine, penicillin/streptomycin (all from Gibco BRL, Eggenstein, Germany), and 10 %f etal calf serum (FCS, Biochrom AG, Berlin, Germany) at 37 8Cw ith 5% CO 2 and were subcultured twice aw eek. For confocal microscopy,2 7000 cells were seeded in each well of a m-Slides 8W ell (ibidi GmbH, Martinsried, Germany) and were cultured at 37 8Cf or 24 h. Thereafter,d ye-labeled test substances were added to the cells at af inal concentration of 1 mm. Confocal images were taken with an inverted confocal laser scanning microscope Leica DMI6000CSB SP8 (Leica, Wetzlar,G ermany) with a6 3 /1.4 HC PL APO CS2 oil immersion objective at 37 8C using the manufacture given LAS Xs oftware. Images of different groups were acquired with the same laser and detector settings by using the Leica LAS AF software. The fluorescence detection was performed sequentially for each channel set with the acousto optical beam splitter between l = 570 and 648 nm for the ICC dye and between l = 650 and 749 nm for IDCC dyes. ICC was excited using the l = 561 nm diode-pumped solid-state laser line, whereas IDCC dyes were excited with a l = 633 nm HeNe laser.
